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Tuesday, February 5, 2013 399aAb fibrils essentially instantaneously, much faster than the fibril formation in
wild-type (WT) Ab1-40. To better understand the fibril-forming mechanism
of the Japanese mutant peptide we have ran several long (ms) all atom explicit
water molecular dynamics simulations of the mutant and WT peptide starting
from the random-coil structure at two different temperatures (310 and 350 K).
Our simulations showed that the DE22-Ab1-39 mutant formed a stable semi-
helical hairpin structure about 5 times faster than the WT. The helical hairpin
conformation was less evident in WT trajectory and was quickly unfolded
(particularly at 310K). The RMSF plots showed similar patterns of fluctua-
tions in both the WT and mutant backbone atoms. However, the deletion of
the E22 lowered the fluctuations of the mutant structure by about 2A at
310K. This fast and stable conformational change in DE22-Ab1-39 can be
used as a seed for the rapid fibril formation as observed in the experimental
studies.
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We have recently developed Meld, a framework to Model with limited data.
This framework combines sparse information coming from different experi-
mental, bioinformatics and even evolution sources into a physics based meth-
odology. The physics are implemented through an atomistic force field. An
improved version of a hybrid Hamiltonian/temperature replica exchange [1]
procedure allows us to handle the limited data along with the physics in a fash-
ion that obeys detail balance. After our initial use in the CASP experiment
(critical assessment of structure prediction) to predict the structures of pro-
teins, we are now interested in showing how this procedure can help us to cor-
rectly model cases in which small peptides are interacting with proteins. This
procedure has the advantage of having both peptide and protein as flexible
units. Input data is introduced in the calculation as restraints. A naı¨ve ap-
proach in which all the restraints are imposed at the same time would be a fail-
ure. Therefore, we allow for errors in the data by enforcing only a fraction of
those restraints. We allow the physics to decide which restraints are the most
compatible with the system. In this way, the conformational space is greatly
reduced, and in combination with 100x improvements in sampling efficiency
coming from GPU, allows us to converge into possible solutions. After our
calculation is done, clustering methods allow us to identify the candidate
docking regions. We plan to combine the top clustering solutions with all
atom free energy methods based on confinement techniques [2] to identify
the most likely binding site.
1. Sugita, Y., A. Kitao, and Y. Okamoto, ‘‘Multidimensional replica-exchange
method for free-energy calculations’’. Journal of Chemical Physics, 113(15): p.
6042-6051 (2000).
2. Tyka, M., Clarke, R. and Sessions, R. An efficient, path-independent method
for free-energy calculation, J. Phys. Chem. B,110, p. 17212-17220 (2006).
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Structural details of amyloid-b (Ab) fibrils associated with plaque deposition
in Alzheimer’s disease (AD) remain poorly characterized. Hydroxyl radical
footprinting offers a powerful method to test and develop new models of fibril
topology. Herein, we present an oxidative footprinting study of fibrillar and
prefibrillar Ab40. Hydroxyl radicals for the study were produced by water
hydrolysis, and specific side chain solvent accessibilities – oxidation rates –
were determined by post-exposure MS/MS sequencing for fifteen residues
of Ab40 in fibrils and in oligomers. These rates are compared to the rates
of the same side chains in fully solvent exposed reference peptides. Compar-
ison reveals significant protection of key residues in both fibrillar and prefi-
brillar Ab40. These data allow validation and rejection of structural models
proposed previously in 2D-IR, electron microscopy, NMR, and powder dif-
fraction studies further providing topological insight on Ab40 quaternary
assemblies.
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Relating bulk experimental measurements of protein folding to the microscopic
processes that underlie the folding principle is critical in order to achievea quantitative understanding of this complex phenomenon. One of the funda-
mental issues is the probe-dependence of protein folding properties. To address
this issue, we had proposed a statistical model, modified from the original
Wako-Saitoˆ-Mun˜oz-Eaton (WSME) model [1]. The proposed model intro-
duced site-dependent properties of proteins whose predictions can be compared
with probe-dependent experiments [2]. To assess the validity of the folding
properties obtained by fitting experimental data to the models, we applied
both models to the case of a b-hairpin. The mean-field treatments of both
models were compared with their exact solutions. By examining the folding
curves, our results show that the mean-field result from our model is more sat-
isfactory than that from the original one. Moreover, our MD simulation results
also support the underlying assumptions of the modified model. Therefore, our
model provides some insights into the relationship between its thermodynamic
predictions and the probe-dependent experiments. Finally, I will discuss some
possible applications of the proposed model, to a larger protein system with a/b
motif as well as to protein aggregation.
1. Mun˜oz, V.; Henry, E. R.; Hofrichter, J.; Eaton, W. A., PNAS1998, 95, 5872-
5879
2. Tsai, M. Y.; Yuan, J. M.; Teranishi, Y.; Lin, S. H., J. Biol. Phys.2012, DOI:
10.1007/s10867-012-9271-y
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We present force-clamp data on the collapse of ubiquitin polyproteins in re-
sponse to a quench in the force. These nonequilibrium trajectories are analyzed
using a general method based on a diffusive assumption of the end-to-end
length to reconstruct a downhill free energy profile at 5pN and an energy pla-
teau at 10pN with a slow diffusion coefficient on the order of~100nm ^ 2/s. The
shape of the free energy and its linear scaling with the protein length give val-
idity to a physical model for the collapse. However, the length independent dif-
fusion coefficient suggests that internal rather than viscous friction dominates
and thermal noise is needed to capture the variability in the measured times
to collapse.
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Understanding molecular determinants of protein mechanical stability is im-
portant not only for elucidating how elastomeric proteins are designed and
functioning in biological systems but also for designing protein building blocks
with defined nanomechanical properties for constructing novel biomaterials.
GB1 is a small a/b protein and exhibits significant mechanical stability. It is
thought that the shear topology of GB1 plays an important role in determining
its mechanical stability. Here, we combine single molecule atomic force mi-
croscopy and protein engineering techniques to investigate the effect of side
chain reduction and hydrophobic core packing on the mechanical stability of
GB1. We engineered seven point mutants and carried out mechanical phi-
value analysis of the mechanical unfolding of GB1. We found that three muta-
tions, which are across the surfaces of two subdomains that are to be sheared by
the applied stretching force, in the hydrophobic core (F30L, Y45L, and F52L)
result in significant decrease in mechanical unfolding force of GB1. The me-
chanical unfolding force of these mutants drop by 5090 pN compared with
wild-type GB1, which unfolds at around 180 pN at a pulling speed of
400 nm/s. These results indicate that hydrophobic core packing plays an impor-
tant role in determining the mechanical stability of GB1 and suggest that opti-
mizing hydrophobic interactions across the surfaces that are to be sheared will
likely be an efficient method to enhance the mechanical stability of GB1 and
GB1 homologues.
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Mitochondrial import machinery catalyses unfolding of the native precursor
proteins by trapping some faster local unfolding fluctuations due to specific sec-
ondary structural element adjacent to the targeting sequence. On the rupture of
the first resistant structure, the rest of the protein unfolds rapidly by cooperative
unfolding during import into the mitochondrial matrix. The process of circular
400a Tuesday, February 5, 2013permutation on the protein chain can give important information about the
connectivity, structure and folding or unfolding kinetics which guides its
translocation and subsequent function in the cell. To study the process of co-
translocational unfolding and its dependence on the secondary structure at
the N-terminus of the protein imported, we conduct a comparative molecular
dynamics study of circular permutants of Dihydrofolate reductase(DHFR) us-
ing atomistic model in CHARMM. Six Circular Permutants - CP25, CP38,
CP78, CP97, CP108, CP133 - are generated such that the new N-terminus leads
either to an alpha helix or a beta-strand. using Steered Molecular Dynamics we
compute the work distributions for the forced unfolding of each of the CP’s and
native DHFR using two processes - unfolding through the geometrical constric-
tion of the model pore as in mitochondrial translocation and mechanical unfold-
ing with the C-terminus fixed. In both cases the unfolding force is applied at the
N-terminus. A comparison of the free energy profile along the reaction coordi-
nate for each circular permutant can lead to identification of different unfolding
pathways and hence import efficiency based on first resistant structure adjacent
to the targeting sequence.
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Globular proteins commonly use structural metals to promote folding and en-
hance stability. There are no good examples of similar metal utilization in fi-
brillar proteins such as collagen. We hypothesized a metal binding site at the
end of an A:B:C-type collagen triple helix could be designed to enhance folding
and stability without compromising specificity. A heterospecific metal binding
site was computationally designed by sampling backbone and sidechain confor-
mations of C-terminal amino acids of the triple helix to optimize metal site ge-
ometry. Experimental characterization of the designed sequences confirms that
zinc-binding enhances structure and thermal stability of the A:B:C heterotrimer
peptides under physiological buffer condi-
tions. By varying metal concentration, it
is possible to study the relative contribu-
tions of electrostatic interactions and metal
binding, to triple helix stability and struc-
ture. Metal-directed switching of triple
helical structure has potential applications
in self-assembly of higher order biomate-
rials, translational regenerative medicine
and drug design.
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We investigated how individual amino acids affect the structural propensities
of short peptides. We based our work on NMR measurements of peptides of
sequence EGAAXAASS, where 15 different amino acids were tested at posi-
tion X. Here we focus on the two peptides with X = Trp and Gly, especially
on their residual dipolar couplings (RDC). The pattern of the peptide with
X = Gly was rather flat, suggesting an extended or unfolded peptide, while
the pattern of the peptide with X = Trp was particularly contrasted, character-
ized by a changing sign value in the middle of the chain, suggesting for us the
formation of a helical turn. The molecular dynamics (MD) simulations con-
firmed theses hypotheses. In the simulations, the peptide with X = Gly was ex-
tended most of the time and calculated RDCs were in good agreement with the
experimental one. In contrast, the peptide with X = Trp showed many different
conformations, mostly folded but with a non negligible number of extended
conformations. After clustering the conformations according to the dihedral an-
gles of the main chain, we found that the clusters with theoretical RDCs that
better fit the experimental data were those forming a helical turn. We also
show that the driving force leading to such folded conformation could arise
from the lack of hydration of the peptide chain on either side of the bulky
aromatic residue.
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We present simulation results for small peptide oligomers (dimers through
hexamers) using the multicanonical simulation algorithms Replica Exchange
Statistical Temperature Molecular Dynamics. This algorithms use biased dy-
namics to overcome sampling problems related to broken ergodicity at lowtemperatures. Changes in the Potential Energy Surface of the system as it grows
from a single molecule to a small oligomer are discussed. Each peptide is rep-
resented using a coarse-grained model and has an alpha-helix as its native state.
We show for dimers that, at low temperatures, both peptides are helical; at high
temperatures, both peptides are random coils; and at intermediate temperatures,
one peptide is folded while the other adopts an extended configuration that min-
imizes the solvent exposed surface area. Dimerization causes one peptide to be-
come more stable and fold at a higher temperature than an isolated monomer
while the other peptide becomes less stable and folds at a lower temperature
than an isolated monomer. This effect is due to the solvation of the stabilized
molecule by the unfolded, destabilized molecule. We show that this effect is
stronger in larger oligomers and results in multiple solvated peptides that are
substantially more stable than the isolated monomer at the expense of multiple
molecules that are thermally destabilized. The consequences of this effect are
discussed in the context of molecular crowding and of protein misfolding and
aggregation.
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The results of a small-angle x-ray scattering (SAXS) study of equine
cytochrome-c protein under different unfolding conditions are discussed. Al-
though the measured radius of gyration of this protein over a wide range of tem-
peratures and GuHCl concentrations conform to a two-state thermodynamic
model, we find different levels of residual structure present depending on
whether the protein is cold- or warm- denatured. We present DAMMIN recon-
structions of these different unfolded states using 1532 dummy atoms with a 1.5
Angstrom radius, and suggest ways that these different unfolded states may be
described by the same folding free energy.
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After their relatively recent discovery and classification, it has been shown
that intrinsically disordered proteins (IDPs) play essential roles in cellular
regulation and signal transduction. Stathmin is a eukaryotic IDP responsible
for regulating the polymerization equilibrium between the tubulin hetero-
dimer and microtubules, and is also highly expressed in cancerous cells.
Stathmin exists in a highly-ordered folded state when bound to its binding
partner tubulin; however, alone in solution, as an IDP lacking those stabiliz-
ing binding interactions, stathmin is likely to explore conformational space
in various equilibria between partially and completely folded states. Inter-
estingly, it has been suggested that soluble stathmin has a short helical re-
gion (Glu55-Ala73) of persistent foldedness, and that this region might
act as an a-helical ‘nucleation sequence’ necessary for further folding in
the C-terminal direction. Alternatively, we believe that the complete length
of stathmin exists in a folding-unfolding equilibrium, and here we report
data supporting this hypothesis. Nitroxide spin labeled mutants of stathmin
throughout the Glu55-Ala73 region - rotationally immobilized through cou-
pling to CNBr-activated sepharose beads - were studied by electron para-
magnetic resonance (EPR) spectroscopy. The continuous wave EPR
spectra for all 19 spin labeled mutants unambiguously indicate that this re-
gion of stathmin exists in a dynamic equilibrium between folded (ordered)
and unfolded (disordered) states, and that no such helical nucleation se-
quence exists. We also show that this folding equilibrium in stathmin is
shifted by the common biochemical viscosity modifiers sucrose, glycerol,
and Ficoll-70.
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The thermal stability of Taq DNA polymerase is well known, and is the basis
for its use in PCR. A comparative thermodynamic characterization of the large
fragment domains of Taq (Klentaq) and E. coli (Klenow) DNA polymerases
reveals that Klentaq’s extreme free energy of folding originates from a signifi-
cantly decreased entropic folding penalty. A parallel solution-based structural
analysis reveals that the denatured state of the mesophilic polymerase (Klenow)
is significantly more elongated than the denatured state of the thermophilic Taq
